INTRODUCTION
============

It was revealed that hypoxia has a negative effect on brain function, however docosahexaenoic acid (DHA) and physical exercise has a positive effects through electroencephalography analysis (reduced the delta activity). DHA (22:6n-3) is a vital component of phospholipids in cellular membranes and especially concentrated in mammalian nervous system. In addition, DHA plays an important role in neural and retinal development of infant during perinatal and early postnatal periods ([@b13-jer-14-4-540]; [@b30-jer-14-4-540]). Losses in neural function in n-3 fatty acid deficiency have been associated with decreased brain DHA and increased brain docosapentaenoic acid (DPAn-6, 22:5n-6) contents ([@b13-jer-14-4-540]; [@b17-jer-14-4-540]; [@b22-jer-14-4-540]). Since there is an inadequate amount of 22-carbom polyunsaturated fatty acids (PUFAs) during critical brain development period in n-3 fatty acid deficient condition, it is a possible hypothesis that feeding DPA would prevent loss in neural function in n-3 fatty acid deficiency. Thus this review will describe the biological consequences of losses in brain DHA using a first generation model. In addition, it will present whether there is any benefit of DPAn-6 supplementation in nervous function in n-3 fatty acid deficiency.

And also, it was well known that prolonged fasting (PF) and energy restriction with endurance physical exercise (EX) stimulate cognitive function and brain function, which is caused by upregulated ketone body and upregulated brain-derived neurotropic factor (BDNF) responses. DHA-diet supplementation reduced the markers of muscle damage, inflammation caused by increased prostaglandin levels following acute physical exercise. And also, DHA supplementation has a positive effect on muscle damage, muscle function as well as brain function ([@b16-jer-14-4-540]).

However, we still do not know the exact mechanism about the brain function after EX and DR. Therefore, this study helps to clarify the mechanisms about the combined impacts of DHA (22:6n-3), EX and PF on the brain function. In this study, we analyze on two main topics: 'DHA diet and brain function' and 'physical exercise and brain function.'

EFFECT OF DOCOSAHEXAENOIC ACID DIET ON BRAIN FUNCTION
=====================================================

Essential fatty acids are not synthesized in the body and must be consumed by dietary foods. They are divided into two classes, linoleic acid (18:2n-6, LA) or linolenic acid (18:3n-3, LNA). LA is incorporated in arachidonic acid (20:4n-6, AA) and DPAn-6, while LNA is synthesized into eicosapentaenoic acid (20:5n-3, EPA) and DHA in the body. DHA, a long chain PUFA is highly enriched in the membrane phospholipids of the brain, neuronal tissue and retina ([@b13-jer-14-4-540]; [@b30-jer-14-4-540]).

Studies on interactions between essential fatty acids and nervous system function have been conducted in the field of lipid and essential fatty acid. Moreover, there are marked efforts to determine the effects of essential fatty acids on growth and development in the nervous system. Since 1970, many studies have demonstrated that a dietary deficiency in n-3 fatty acids led to a loss in nervous system DHA ([@b13-jer-14-4-540]; [@b17-jer-14-4-540]; [@b22-jer-14-4-540]; [@b25-jer-14-4-540]) and that loss of brain DHA was highly associated with visual and cognitive defects as observed in animal and human infant studies ([@b2-jer-14-4-540]; [@b3-jer-14-4-540]; [@b6-jer-14-4-540]; [@b10-jer-14-4-540]; [@b15-jer-14-4-540]; [@b14-jer-14-4-540]; [@b19-jer-14-4-540]; [@b27-jer-14-4-540]; [@b29-jer-14-4-540]; [@b30-jer-14-4-540]). When the level of DHA fell in the brain and retina, there was a concomitant increase in the n-6 docosapentaenoic acid (DPAn-6) ([@b9-jer-14-4-540]; [@b24-jer-14-4-540]). At this point, there are two important issues; one issue is whether the animal models can generate large enough losses in nervous system DHA so that functional changes can be observed. Second question is whether increased brain DPAn-6 can replace with nervous function of brain DHA in the n-3 deficiency.

Typically those animal studies have been accomplished through the use of a two generational model in which the dam is deprived of n-3 fatty acid sources and her offspring are then weaned to the same deficient diet. Later artificial rearing methods have been developed to allow for the more rapid induction of a brain DHA deficiency in the newborn rat and is more similar to the case of human nutrition ([@b7-jer-14-4-540]; [@b11-jer-14-4-540]; [@b28-jer-14-4-540]). [@b8-jer-14-4-540] developed an aritifical rearing method and produced animals with 70% loss in brain DHA in the first generation. The first trimester after birth is a very crucial period in which a dietraty DHA supply was needed for proper brain funtions. This study measured spatial task performance of those n-3 fatty acid deficient animals, suggesting that the DPAn-6 fed animals performed no better than animals fed only LA, suggesting that dietary DPAn-6 produced none of the benefit afforded by DHA addition. This finding is highly associated with an observation that the brain fatty acid profiles at adulthood were identical between the LA and DPA groups. Given that these molecules only differ by a single double bond at the n-3 position on the chain, it is relevant to consider what mechanisms may be responsible for the difference in brain function. NMR studies of DHA-phospholipids also indicate a highly flexible molecule with rapid transitions between a large number of conformers ([@b5-jer-14-4-540]). [@b4-jer-14-4-540] compared the difference of DHA containing phospholipids to species containing DPAn-6 in lipid matrix properties and observed that DHA in the methyl end is more flexible and isomerizes with shorter correlation times such that interactions with membrane proteins would be altered. Take together, these mechanisms are largely derived through DHA incorporation in place of other fatty acids into membrane receptor function, neuronal apoptosis, biophysical property, biological membranes of phospholipids and cell signaling mechanisms.

[@b12-jer-14-4-540] investigated the recovery of spatial task performance as DHA was replenished in the brain and found that the escape latency became significantly different from the DHA group in a group where the brain DHA was 7.6% but not different in a group where brain DHA was 10.6%. [@b8-jer-14-4-540] also investigated the effect of supplementation with DHA into n-3 fatty acid deficient diet on improvement of learning related brain function and found that supplementation with DHA into the n-3 fatty acid deficient diet improved the spatial learning ability in rats as assessed by Morris water maze test. Thus the significance of these findings is that at least some of the adverse effects of DHA deficiency during neurodevelopment may be reversible with an n-3 fatty acid supplemented diet.

EFFECT OF EXERCISE, ENDURANCE PHYSICAL EXERCISE, AND PROLONGED FASTING ON BRAIN FUNCTION
========================================================================================

It was well reported that regular physical exercise improves memory function by increasing neurogenesis in the hippocampus, and it is also reported that circadian rhythms modulate synaptic plasticity in the hippocampus during exercise. This results shows that the day exercise much helper to the brain function than in the night or dawn exercise ([@b23-jer-14-4-540]). It was related mechanisms of several factors such as enhanced or decreased AMP-activated protein kinase (AMPK), BDNF, insulin-like growth factor 1 (IGF-1) levels following regulatory training or physical exercise. This is called as neurotrophic factors. It is understood and reported that regular exercise increased brain function by IGF-1, BDNF, and AMPK activation in healthy people and even in type 1 diabetes mellitus (T1DM) ([@b26-jer-14-4-540]).

In the hypothalamus, BDNF suppress food intake and increase energy expenses. This is why regular exercise and endurance exercise with energy depletion promote synaptic plasticity and neuronal genesis in the brain. Actually, BDNF plays an important portion in the unification and optimization of behavioral and metabolic responses to circumstances with restricted energy sources and severe athletic competition. BDNF is considered as a key controller of cognitive function, and also acting on brain metabolism and even cardiovascular health. In some aspects, BDNF regulation by food ingestion is linked with the capacity of neurotrophin to adjust peripheral energy metabolism. This means reduced blood BDNF levels are noted in obese people and also in the type 2 diabetes mellitus (T2DM) ([@b21-jer-14-4-540]), whereas they have different mechanism. That is why decreased BDNF status results in hyperphagia and obesity.

Actually, obesity is affected with the changes of leptin, insulin, and corticosterone with food uptake and physical activity amounts. It was generally believed that rotating blood leptin enters the brain barrier and interplays with neurons in the hypothalamus to repress appetite. It might be revealed as BDNF is related mechanisms with the leptin and insulin mechanisms. It is also related mechanism with the serotonin levels during exercise, especially in the outdoor exercise with sunshine. It was also known that serotonin controls the leptin sensitivity following physical exercise. That's because obese sedentary people are at danger for cardiovascular problems, hypertension, T2DM and even neurological diseases. So, it is well known that valuable effects of physical exercise and any kinds of EX or PF on brain structural plasticity and behaviors identified ([@b21-jer-14-4-540]).

EX or energy restriction (focus on the ketone body) on brain function also proposed our previous researches ([@b18-jer-14-4-540]). It is also reported that ER stimulate the brain region with the change of gene expression encoding proteins engaged in neuronal synaptic plasticity, neurotrophic signalling factors, and cellular stress resistance ([@b1-jer-14-4-540]).

EX also stimulate neurogenesis, synaptogenesis, synaptic plasticity and therefore increase cognitive function and motor function. It is also increase insulin sensitivity, fatty acid mobilization, ketone body production and decrease blood pressure and even inflammation.

It is almost the same effects with the physical exercise on cognitive function besides mitochondrial biogenesis.

Actually, DR stimulates cell protective responses in nearly all tissues and organs including brain. And also it activates living gene expressions and lengthens lifestyle in a fashion of conserved state. For the human beings, dietary restriction studies reveal the novel tactics to lengthen health span and prevent age-related diseases and disorders. Interestingly, even exogenuous ketone improved exercise performance time, cognitive function in rats and also it can help to treat in T2DM patients ([@b20-jer-14-4-540]) and neurodegenerative diseases, such as Alzheimer diseases and Parkinson diseases. In this mechanism, BDNF has also shown to play prominent role in this mechanism like physical exercise. Prolonged physical activity and EX or DR stimulate ketone body. Upregulated BDNF can activate mitochondrial biogenesis to elevate neuronal bioenergetics and enable synaptic formation. And it also can activate DNA repair in neurons.

CONCLUSIONS
===========

Highly polyunsaturated fatty acids including DHA and AA are enriched in the membrane phospholipids of the nervous system and are known to play an important role in the nervous function. When the level of DHA fell in the brain and retina, there was a concomitant increase in the n-6 docosapentaenoic acid (DPAn-6). Since brain DPAn-6 dose not substitute with the function of brain DHA in n-3 fatty acid deficiency, it is very important that proper DHA levels in the nervous system are maintained for optimal brain and retina function. BDNF has also shown to play prominent role in this mechanism like physical exercise. Prolonged physical activity and EX, PF or DR stimulate ketone body. It is revealed that ketone body also stimulate BDNF. Upregulated BDNF can activate mitochondrial biogenesis to elevate neuronal bioenergetics and enable synaptic formation. And it also can activate DNA repair in neurons. Further study on the mechanisms about the combine effects of supplementation of DHA and EX, PF, and DR on brain function is urgently needed in this area.
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